neous applied stress to create a potential energy minimum for the excitons via the deformation potential. This method bears some similarity to an earlier method used to create a harmonic potential minimum for excitons in bulk semiconductors (e.g. Ref.
2), but in our case, the primary effect of the applied force is not to create shear stress, but to create a hydrostatic expansion induced by a slight bending of the sample. Since the hydrostatic deformation potential of the conduction band in GaAs is large and negative, a hydrostatic expansion leads to a large reduction of the conduction electron energy. This implies that this method can be used not only for excitons, but also for free conduction-band electrons. This could lead to new experiments on the twodimensional electron gas in a harmonic potential, using applied stress (which can be varied continuously in our experiments) as a new type of gate to control the depth of the trap.
We have used both of these methods to create in-plane harmonic potential minima for indirect excitons in GaAs coupled quantum wells consisting of two wells each 60-100 8, wide, separated by a 40 h X G a , . 4 s barrier. The resulting traps have a depth of up to 10 meV (allowing confinement of the excitons at temperatures up to 100 K) and spatial dimension of the order of 200 mum. Since the excitons move in response to an electric field, we can assign them a mobility, which we measure optically as 1000 cm2/V-s at 100 K. At high carrier density, we also optically measure diffusion constants of the excitons of up to 1000 cm2/s.
The ability to produce an in-plane harmonic potential for the exciton gas represents an important step toward the realization of theoretical proposals (e.g. Ref.
3 ) for Bose condensation of two-dimensional excitons in a confining potential.
This work has been supported by the National Science Foundation and by the Research Corporation, which has supported D.S. as a Cottrell Scholar. *Max-Planck Institut fur Festkorperforschung, Heisenbergstr. 1, 70506 Stuttgart, Germany 1. M. Hagn, A. Zrenner, G. Bohm, and G. Weimann, Appl. Phys. Lett. 67, 232 (1995 resulting in the fast quantum beat. The measured beat bandwidth corresponds to having aligned the first six levels so they coherently contribute to the beats observed in Figure 2(a) . In contrast to this we find much longer beat periods of 2.3 ps, corresponding to the level splitting of 1.8 meV, without a bias field as shown in Figure 2(b) , where the laser has been detuned slightly to excite only the lowest levels. Moreover, the phase change for small detunings around the lowest level6 shows that these beats are mere polarization beats in the external detector and not due to any electronic coupling between the four excited levels. Thus we have shown that indeed we can externally control the degree of electronic coupling in superlattice-like quantum wells. Further studies are in progress to clarify in detail how externally applied E-fields can modify the electronic states in these types of nanostructures relevant for applications in optoelectronic devices and in particular when minibands are formed. In contrast to atomic two-level systems and their semiconductor 2-band counterpart, the study of 3-level systems and their semiconductor 3-band counterpart is of fundamental importance in the area of light-induced non-radiative quantum coherences (Raman coherences), which cannot occur in 2-level systems.
In this contribution, we investigate theoretically the relation between generalized Rabi oscillations involving optical transitions in threeband systems and Raman coherences. The theoretical basis can be found in Ref. 3. The system under consideration is a conventional GaAs semiconductor quantum well in which only the lowest subband of the conduction, the heavyhole (hh) and the light-hole (lh) bands need to be taken into account. We consider two simulateneous, strong sub-picosecond pulses (770 fs) of opposite circular polarization, spectrally centered at the hh and the lh-exciton, respectively (see Figure 1) . In this configuration we create both, the intervalence-band Raman coherence and excitonic optical Rabi oscillations. In order to balance the lower Ih-oscillator strength as compared to the hh-exciton, the amplitude of the pulse centered at the h-exciton has been chosen to be three times larger than that of the other pulse. Figure 2 (c) Spectra of pump and probe pulses generated by two optical parametric amplifiers.
damental coherent effects is that of Rabi oscillations, whereby a strong resonant field induces temporal oscillations of the electron density between ground and excited state.'
This effect has been studied extensively in atomic and molecular two-level systems. Although, semiconductors differ from ideal twolevel systems due to mutual interactions ofthe extended electronic excitations, modified Rabi oscillations have been predicted theoretically to occur also in semiconductors.2 However, the short relevant time scales make experimental observation difficult. In previous studies the observations were limited to one or two density maxima due to ultrafast scattering times below 100 fs.3,4
We apply a two-color pump-probe scheme (see Figure 1 ) that enables the observation of several cycles of clearly resolved excitonic Rabi oscillations in a semiconductor quantum well. A 770 fs U-circularly polarized pump pulse with a narrow spectrum excites resonantly heavy hole (hh) excitons consisting of m, = +3/2 holes and m, = +1/2 electrons. The electron population and its dynamics are probed using a 150 fs U+ pulse with a center frequency at the light hole (Ih) exciton transition. The linear transmission spectrum of the In, ,Ga, &/GaAs sample and the pulse spectra are shown in Figure l Figure 2(a) shows the differential transmission signal (DTS) of the probe pulse at the position of the Ih exciton resonance. While the pump pulse drives the population oscillations the shorter probe pulse is timegating the transmission changes. We can clearly resolve a sequence of eight Rabi oscillations. In contrast to previous work, where 100 fs pulses were used,3x4 our long pump pulses have large (several a) areas at relatively small field intensities. Correspondingly, the induced carrier densities are quite low resulting in weak excitation-induced dephasing, and, accordingly, long time win-
